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ABSTRACT: 

PURPOSE: To provide a compound semiconductor bipolar 
transistor which is 

reduced in base resistance and base running time and 
remarkably improved in 
high-frequency characteristics. 

CONSTITUTION: In the transistor provided with an emitter 
layer 7 composed of 

AlGaAs and collector layer 3 composed of GaAs, a base 
contact layer 12 (or 

external base layer) is formed by regrowth and, at the same 
time, a base layer 

5 electrically connected to the layer 12 is composed of a 
InGaAs graded layer 

in which the In content is gradually increased as going 
toward its base- 
collector junction from its emitter-base junction. 
Therefore, an inclined base 

structure can be formed while a regrowth boundary having an 
excellent 

electrical contact is maintained between the layers 5 and 
12 (or between the 
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intrinsic base layer and external base layer) , because no 

Al oxide compound is 

formed on the regrowth boundary. 
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(54) ;H*-7h7>^x^ 
(57) [9ft] 

[ffifK] A 1 GaAsj&>S>&*X$»y*J!7;feJ:t/G 

a A s £>4>&l> 3 ? ?J1 3 £#tl> #-?byy 

JBK-X*) *qua*KJ: 901*3*14 fcfcfcfc. £*i 

flteffla*^-* • ni/^^Sf^tiSiftT^K I n 
®SS&mLfi:I nGaAs/l/-f7 F £ t 

? hm 1 2ora ( t L<tm&<-xnt9MBK-xm 

*«»*tt<DA# *ffl£ftffiB£fttt LoofliK-* 
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(51)Int.Cl. 5 
H0 1L 21/331 
29/73 
29/205 
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HMmi ] xs •vj>me>'J?%< b i-gB#A 1 Ga A 

*C->UIISfe)*J«a:< t i-»fc??j&£fc:J: 
-X«<W:< b iHK#. 15 v ? • "<-*»£a5i&» 

[W*II2] IS y?mwJ>-%< b &— &#A 1 Ga A 
s. 3l/^^ao^<tt-gp#GaAsA^^?,A* 
4 ^- 7 b y WX ? \,Z SiWX , 

tML/t I nGaAs/l/-f'7 Klj&^&S-IfcfcWfR 

bt&'Utf-y' YyVi/X? . 

[000 1] 
[00 02] 

m*cr>mn JU#-yhy>iSx?ltmR9)%:hy 

y vx 9 nzitKx vagmmjiw** v^tv^3 mutzm 

Asi if ffl V tfy \'-f 5 h y y Vx 

fa*mwzfU X-yhy v : Jx?\i^ ■ K- 

fcx$.y*ifcAa*£**<»T*fciff|jiMi*<, # 

[0003] Z<r>&otc^TU&&rt4#-yhy>i' 
XJ ( HBT) Srffl^fe^ftSfT-jliSV^liGffllBlffioiS 

[0004] ^-^fifii*fi«f 4fcftfc«TO»lC*J 

xyv-TmBm-iumtf. «bpf4 -83345 

^ffi. 1*RHM -8334 6*}$M. b&w&m 

m. m^mmmm^mm^m^, 92m. 417 

2 3JT, 1 9 93*fcIEaS*VO>&. 

[ 0 0 0 5 ] 07 {tim/vmmm^&mmm 

ft K IBtt £ ilT V > I, > M 9 h 9 > x X ? OftftttBr 
*&f*tt»£li:. n-GaAsH«31/??3y? 



?M(3xl0 18 cm-3, 500nm) 2t, n-G 
aAsA>f,^|.ai/^^i(5X10 l6 cm- 3 , 400 
nm) 3 at, p-GaAsH^SStt^-Xf (4 



X 1 0 19 cm- 3 , 80 nm) 5b 



-Ali Ga 



i-x As (x : 0^0. 25) tf^&i»X=; >v97\,- 
r>Kl(3X10»cm-3, 20nm) 6fc, n-A 
1 o.zsGao. 75AsA^^r|>XS (3X10 17 C 
nr 3 , 150nm) lb, n-Ali Gai-x As 
(x:0. 2 5-^0) frhtchfU-T-y HI (3X1 

10 0"-»6xl0 18 cm- 3 , 50nm) 8t. n-GaA 
sl(6X10 18 cm-s, 80nm) 9b. n-In, 
Gai-i As (x : 0-+0. 5) H*S^1/-T7H 
1 (2X1 0 19 cm-3, 50nm) lOt, n-In 
0.5 Gao.5 AsH^xSv^ny^^M (2x 
10 IJ cm-3, 50nm) lit, p-GaAsA»£& 
•S^SB^-^JH (4xl0 ! «cm-3) 12ai, WSi 
*>A>=5r&xS 'y^Uffil 3fc, Ti/Pt/AuH* 
lK-XMMl4b. AuGeNi/AuK463l/ 
??«ffil 5t. Ti/Pt/Au*^^SxS.y^BX 

20 9 {ft UBS 1 6t, S i 0 2 Hi 7, 1 8fcj;t/l 9 
t, «SiSW2 0i:t:J:>)»JjtS*iT^i. 
[0006] 07(CtJV^> p-GaAsJll 2 a{±* 
«A«4HP«xe**^-j£ (J21HL MOMBESti 

[0007]-*. ^*->MS«fc»BJSfc-hatf>«J: 3 
SrBj&ftfcJBU&VVA 1 GaAs/GaAs HBTt 

30 LT, • ■ X5 -y*« 

I^MClWTA 1 fMS:^tiiaP$^P - A 1 Ga 

as?'u-t-v vmz<-xmizm\ mm^-xmm 
^mm-humm^htix^h. z^mmiz^xn 

^•-xmi^rirh'M^^ V Tt*l,«f«lf(: 

^-^-xmrnzimtx . <~x^nmicomm^m 

[0008] 

40 ^-Xffi®m&Zil& H BTKttt vt»*W*;:<- 

-^.1 1 2 a^BMfHC A 1 iHfc»*«»ja$n 
l<?>&tti±-?l Z b tfWgX'h h . -e/K9>i. , JR^Stt 
35tC{iG a A s fr^&isj-K-xmmzum-ti Z b 

tfmtK . A 1 Ga A s /1/-T7 KJf £ffll^di£l 

wzfmth z b immrh ->tz . 
[0009] **^<ob wi, zcdz r> wmti&mk 
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[00 10] 

'J?%<bl>— UifiA 1 GaAs. 3U;??Jf£>*Jw5:< £ 
k-gfftfG a A s frtyfthJU tf-y h 7 ? (cfc 

fc, ^-^*i^*< £ i>-&fiK x S 7 ^ • 

l££ifLfcI n G a A s / l/-f 7 Kf*^i J ; t J 

[0011] JtWJIl X5 t fc— 

WAlGaAs, 31/^1^< tt-^Ga 

MWJ?%< b x$ 7 ^. 6^ 

I nGaAs/l/-f7 Kl^&S:: £ £t^S^£-f 
l>. 

[00 12] 

[■fttH] p-A 1 GaAs^V-f'7 FJf^ftfcOtp 
-InGaAs^U;-T-yKl$:fflV^SCi:(Cj: , 9. il 

«K-^«js*»jarr4i4:*«Ttk4. mm. I n 

o.i Gao. 9 AsiO^lJ^igJiGaAsfcit-^TO . 1 
5 6e V/hS^ijS^ a;-* . rH^^-g-g^ 
X 5 -y f ■ K-zt%£mzfafrr> tlnitJO. 1 
4> 0 i -Ctt* KJCftS-frfcff S 4 0 nmOp - I n G a 

K»4 0 k e V<OJW#fc#"t4«tt5f^-xflBt* 

*ffi<C A 1 IHfcaiJWESSSftSflfcBW:*-*.! 
[00 1 3] -f^t)^, InGaAs^U-f7HiJ 

[00 14] XS 7 ^?:AlGaAs. al/?? 
£ G a A s b L£*§-£\ I n G a A s ^-xmZt&tt 
S£i:&&. L*>US:a<4>. ^-^iC^WSii* I n 
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[00 15] ttz. 31/^^GaAstUc^lC 
^-X ■ 3]/??8&fflZti\,iX I nGaAsV 

^f.f^Ulzii^Xri]/-? fmmizK-xmbii®. 
t*zmW5$\\,zmtX I nffl)&£&*{cd$^£-££ I nG 
a A s yu-r-y H«S:»»ti £ te J: 0 . £cox*;i> 

*-mm%<?zbtfx'*z>. 

10 [0016] 

[ 0 0 1 7 ] 01 HttfMJJcoS 1 <5DHM0IJ£ Jt 

•>7U. GaAsKmSittiSU, n-Ga 
AsH4S3W^a^?M (3X1 0 18 c 
m-3, 400nm) 2b, n-GaAsK^l^ 
3l/?^l(5xi0 16 cm-3, 460nm) 3i, n 
- I ni Gai-x As (x : 0 — 0. 1 ) 7V~tv Y 

20 *^^SH2C03U^^1 ( 5X 1 0 16 cm-3, 4 0 n 
m) 4£, p-In, Gai-, As (x:0. 1—0) 
^U— r-y Hil*^^|)^-Xji (6xl 0 19 cirr 3 , 
40nm) n-AI, Gai-, As ( x : 0 — 

0. 2 5) *^^r5x5-y^^b— r-yKJl (3X10 
17 cm- 3 , 20nm) 6b. n- A 1 o. 25G ao. 75 As 
H^Ii7;i{3X10 l7 cm-3, 150nm) 
7 b. n-Alx Gai-, As (x:0. 2 5-0 ) 
btchfV-Tv Kl ( 3X 1 0 17 -6x 1 0'«c 
itt 3 , 50nm)8i:, n-Ga Asf ( 6 x 1 0 18 c 

30 m-3. 120nm) 9b, n-In.Gai-, As 

(x:0-0. 5 ) frhtthfV—T'v VJS (2X10 
19 cm-3, 50nm) 10fc. n-Ino.5 Gao. 6 A 
sfrt>%&x.$. >y$a>3>7 hJi (2X1 0 19 cm- 3 , 
50nm) lit, p-GaAsA>^rf\-X3^ 
7M(4X1 0 !1 cr», 30 0 nm) 1 2b. WS 
i*>A>^&X5 7^mial 3t, Ti/Pt/AuK 
^T^^-xmSl 4t, AuGeNi/AuH^S^ 
I'^mffil 5t, Ti/Pt/AuK^5xS v ^ 
W)ajt*fil 6b. Si0 2 Jil7, 18JoJ:J/19 
40 t. ffi*WH*2 0 4:t:J:i)flWt3iiT^4. 

[00 1 8] Hlfcii^T. p-GaAsll2liMO 

^l5iInGaAs/l/-f7 HJBt= <t 0^-fl»- 
bizi^x. ^-AJMSbK-xay?? 2com 
coMtft&ftmizA 1 mObi-tott Z b ^r< , iS^K-^ 

[00 1 93 OTtc. ±a>cOA^^- 7 h 7 >-i;^^o 
50 [002 0 3 H2-ia5l4ZglBfc*L,fcijs«flcf-.yr 
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[002 1] 2-f. H2ti^J:5t:, GaAs*^* 
4¥»»5a^lJ:fc:n-GaAsJB2ijJ:tf3. n- 
I n, Gai-, As (x : 0^0. 1 ) ^V-r-y YM 
4. p-Ini Gai-! As (x:0. l-»0) 7V— 
T7HS5. n-A 1, Gai- 1 As ( x : 0 — 0 . 2 
5 ) ^U— r-y K16. n-A 1 o. 25G ao. 75 A s 1 
7 S n-Alx Gai-, As (x:0. 2 5-»0)?V 
-T7HI8, n-GaAsl9, n-Im Gai-, 
As (x : 0-^0. 5) /l/-T7K110 > fcitfn 
-I no. 5 Gao.5 Asfl ^Hxh^^f 
>— & (Ja». MBEffit*1-4) KJ:»3»Jfit*. i 
niWfttLTSi, pSPpmskLXBei 

[00 2 2] H3^fi3t. £fflCWS iff 

1 3J3j:tfS i o 2 11 7%mmudk, m&w- 

fcJtfWS ill 3^RiEtt-<^yx.y^>7"(;J: 0. 

n-Ino.5 Gao.6Asll 1, n-Ini G 
ai-x As/U- f" 7 Hll 0, n-GaAsf9, n 
-Alx Gai-, As^-f'yHl8. HXtfn-A 
lo.25Gao.76Asl7^4>^T'2:Ri£tt-f ^yh'- 

?"ft. 

[00 23] ftc. 04fcjKfJ:5fc:, 

2 1 £l&£t,£fJL F/r5£<D^:?-y<Dtf h Uy'^M 

-xmmMwtMz&wjffimzmK momma n - 

A 1 0. 25Gao.75 Asl7 . n-Al, Gai-, As/ 
V—fy K16ioJ;t>'p - In, Gai-, As/P-f 
•x F«5£JH&. ->x-y h-x-yf-y^cj; 9 ft. 

O2 K£l8£ii8W-ft. S&fc, f^^A7-y^* 
M^XMK2 3£#fRU:«. -lix^vx^i: tTR 
JCtt-f*>Xyf-^tJ:i)S10» Hl8£l&£1-ft 
ifctiO, ^<-^i^^SP-ri.t[5lB#tx5-y 
^.XlrtlfflfcS i O2 j»18jK>£ft||MEfc»Jfi-fft. 
[0024] 05 tc*t J: 'St. rtM/^XMR 
2 3£|$£L£fJL HJP$*lfc«HW)n-Alo.25Ga 
o.75As!7, n-Al, Gai-, As/lz-f^yHf 
6$-<7x.yh.x-yf-y^j;0li^, I$£LTp-i n 
« Gai-, As/l/-f7 F«5Hffl£Sfclj$-£fti:i: 
U:. x= 7?^«t:A 1 GaAs*>t^fn# 

PSC^P- In, Gai-, As/1/-T7 Fl5cO±C 
P-GaAsll 2%miS&.&LX'<>-X~iy?? M 

fc^yia^AsSrffliK ^aK4 5 
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[0025] mz^ mzw-ynx huis* bm 

(WfI%^) £-?X7tlXS i O2 mi 8. n- I 
n, Gai-, A s /1/-T7 Kl 4 fc J: V'n - G a A s 
1 3 $r)i&"7x -y h x -y * y^z i. 15 Mt£ L X 3 U ? ? 
ffi$£l*iPU n-GaAsJM2flffi£SiiJU:&. A 
uGeN i/Au*>(9^rS3U^^®fiil 5£'j7h;t 
10 7C*9»Jfcfft. «vvc % £ffi£SiOi M19£* 

t>) Srvx^i:LTKi£tt^^>-x>yf-y^tJ:Oxs 
•y*WfcJtaW5S i O2 flgl 9t5j:t/l 7£|5&£U W 
S ill 3£JStiitft. iD^fcx^/^IiCTi 
/Pt/Auri^&ftj9r£w^-yoxs .y^ffiOai 

U Hi fc^ttJ: 3 frft^Wfltf)/ <>f ? h 5 y 

VXtifiX'th. 

[0026] JSLhK i 9fWSilfc*l|H^)f! 1 OHM 

fFffi Ltz t Z h . mMmt 9 0 £LLT* -5 . i fc , 
ftitflte. -?-iX-fiXl 0 2GHz^J;Tj , 2 24GHzT 

^filtfM.btltl. £<bfc. XJ -y? • K-X%^<Vfr 

30 [0027] m6iz*wmm2cr>mffimzm B ntz>t: 

&^X&. p-GaAsl (4X 1 0 2 °cm-3, 350 
nm) 1 2a*^gi5'<-Xli:LT«8«gL-CfcO, Ktt 
<-xmX'hhp- I n, Gai-, As (x : 0. 1 — 

o ) j/l—t y m5 atmm^nsmizmiizti 
x\^, ztitmzfflLxtetmcoi&inmmkmm 

^a^miOHteWc^ttfifo-C^ft. fe^L. ^ 
«K-Xffl«*BBPL!ttt. n-A lo.25Gao.75As 
40 I7fcj:yn-A!, Gai-, A s ?"V-t 7 K16C9 
%f>fp-In, Gai-, As/'l/-f7F15(:o 
^■CL^Xybx-y^^'iCiO^L, n-In, G 
ai-x As/l/-f7 Kl4itp-GaAs^- 
XI 1 2a^jgLT^I.**^-5T^ft„ 
[0028] JSLht J: 1 9{f«$^?t*^coS2^M 
M<W<J #-y byyiSxtlz-ol^X ^ ^nm^^ 

ixmwft. mmm'%&tuzmi^fo±.ti<%.t>titz. 
[0029] ^r*>. ±a>co® 1 « ii/»2 tfjiatwte 
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omb Emm^tzmtRtiimzx m&zixtz^iz^ 

0 C V Dj££ti ttf> I timwMiRfitMm^M BE&M 

1 0 0 3 0 ] t tz . ±jfc?)Jfl 1 45 cttfSS 2 <0SaS«Uct5 
Sfrf. C Znf, fl6<0pa^fi!|ii*fflV^»^Co 10 

tx'b%\,\ 

[003 1] Sfcfc. ±S80»lfeJ:tAIB2<r«attf|K 

aK-*tt&*G a A s vtrat^fctf. 
#ffcBJ!(i£;fc.£B85£$iv$\ I nGaAsI, ffiO^ 

[00 32] 

[f^sSH] ULfclK>DiU: i 3 J:*itf . B 20 

A*-f ( f-7h5y ^ 9 IZ& \,^X^-XMt<-xa 

y?? hmmh i < iim^-zmtt\-&<-xm®iz 
a i mmz$tsztKc<mmmcD]kmmm 
mmfti. mtz. *-xmzmt$>'m**v7 

[01] ^Bflt^SAM ^-7^5 y->'x^o^ l 

mx'hz>. 

[02 ] *%mzfrfrhJ^X-j\-yyi;x?<n%ii 

commnz^x. zmmijmmm&KMzm 

[03] *»j&> I. y-C-Y y v v y 'vx $ 1 

commmiz^x, zwrnmumzmwi-htztbizm® 
?miJMX'<n*mwi-'vT<F>wfflmx'hh. 40 

[ 04 ] *$mztpfri,K4 7 h 5 * com 1 
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[05] * W#-5b5> > JA?mmi 
[06 ] *^8fcWPS/q #-5h5 y>-'X^c7)||2 

[07] fl!*<V^df-5h7>^^&iiBWSfc«) 
tcffiffl-f 6 -y TVJBrfflHT* £ . 

1 Wtt»:GaAs 

2 3l/;;3y??M: n-GaAs 

3 IglOak^^Ji : n-Ga As 

3 a : n-GaAs 

4 H2Wl/^f: n-In, Gai-, Asi 
(x : 0-0. 1 ) 

5 "v-XB :p-In, Gai-x As (x:0. 1 — 
0) 

5a Xtt^-^I: P-I n, Gai-, As (x: 
0. 1-0) 

5b Ktt^-XS: p-GaAs 

6 Xiy^/l/-fyKl:ii-Al, Gai-. As 
1 (x : 0-0. 25) 

7 XS •/ $!§ : n-A 1 o. 25Gao. 76As 

8 fU-Tv H« : n-A 1, Gai-. A si (x : 
0. 25-0) 

9 n-GaAsil 

1 0 fV— r-y FJI : n- I n x Gai-. As ( x : 
0-0. 5) 

11 xS-z^^fy/l: n-Ino.5 Gao.5 As 

12 K-Avy?? bM : P-GaAs 
12a ft&K-xm : P-GaAs 

13 X$ -y?m@: WS i 

14 ^ti:Ti/Pt/Au 

15 : AuGeN i/Au 

16 XS-y^K0*L««i: Ti/Pt/Au 
17,18.19 S i 0 2 J& 

2 0 ffiSffiilS 

21, 2 3, 2 4 XbUiSXbm 
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[07] 




[SKBBJ Tfi£5^1 1J!30B 

[i£jNttn«] 

Itt&Ml XS >/^lc0^< i: t-gp^'A 1 G a A 

-xm<ryyt£< b l>-m\ xj y ? ■ 

h^-X ■ aV9 f&&mz.m j KVIt«£. I n«Jti 

Uzl nG&As^—fy^mtPhKclZbinWLt 

umm2] x= •y*«<^$r<it-a««A i g & a 

s, 3U?*0<^£<fciHft& t GaAs*w!,$rSv'C 

fiw\w<-~xmtt-fz>b ti>tz* x&mtztmi 
K-xm<ry>%< b x 5 ? ■ ^-xtg^-gp 
fre>^-x ■ ^vttm'&mzmx'&ti.z 1 na^s- 

mtti I nGaAs^l/-f7 Zt%im 
bt&'Utf-y YvWX?. 
[|*»3S3 3 ^-x • aisafOfetittztHflaisf? 
mcr>'J>-%< b • ai'? 

r 7 k«*»4.«* zb*mib*i mm 1 2 fcii 

[fflE*fSW»6] 111 



[*EE««3SB*] 0011 
[JEWS] 

[0011] *fc*»Bj|ii s xs •y^«^-5r< t- 
gflrfM IGaAs, ^1<7)^< fc i -g|i#G a 

A s 7^&|> ^-5h5 yv-'X^fcfc^T. ^SP's 

-xH®<7y>&< b i>-mzmtft%lzj: OEJSSfifctt 
-x • 3U?*»£«fci*iJtTfli*K: I nffljSfci&Lfc 

I nGaAs^-7 f .yHJB*»fe**C:t*i|#Bi:t- 
4. S^t*3«Htt. ^-x • 3U3^»^SWct5{t4 

^V^9m<D'Jf^<b^-UtiK ^-x ■ 

aAs/l/-f7 Ha*>^St<?Df t J:V^. 
[#ME3] 

[*tIE*J**B*] 00 15 

[00 15] 3l/^^5:GaAsiL^(: 
tt, K-X- 3 I nGaAs^- 

?&%mzi3^x?i'7 ?mmizK-xmb\m 

lzmmf$\{,zfattX I nmL*%«lzW&Z-£tz I nG 
a A s VU-r-y Y'MZim&Z b tcj: ") . 

<Ic7H nGaAs^-fSK«fcR»tfc*£tcli. 3 
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KBIT'S £>. '<.-* • 3W:5'ig-£(i'vfo& 
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